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INHIBITING PRO-APOPTOTTC COUNTERPARTS OF Bcl-2 

In general, BAX, BAK, Bcl-Xs and others are pro-apoptotic proteins (Boise and 
Thompson, 1998). As set forth above, overexpression of BAX, BAK, Bcl-Xs has been 
shown to override the incoming signals from cytokine-rnediated signaling associated 
5 with cell viability and to induce apoptosis. 

Accordingly, variant, non-functional human BAX, BAK, Bcl-Xs genes may 
generated from the wild type BAX, BAK, Bcl-X s genes. Such mutant genes may be used 
to generate transformed cells deficient in BAX, BAK, or Bcl-X s activity, respectively, 
allowing for inhibition of apoptosis. The inhibitory effect of such the biologically inactive 
1 0 form of BAX, BAK, or Bcl-X s on apoptosis provides a means to circumvent the 

stimulatory effect of PKR overexpression on apoptotic cell death in cultured cell lines. 

A mutated or variant human BAX, BAK, or Bcl-Xs cDNA sequence may be 
inserted into a vector effective to express the inserted fragment under the control of a 
strong viral promoter, as described above. 
15 Cells expressing a modified form of human BAX, BAK, or Bcl-X s are thereby 

generated, selected, further cultured in manner effective to result in production of a cytokine 
or other protein of interest, and then analyzed for the biosynthesis of the cytokine or other 
protein of interest, as described below. 



20 V. CYTOKINES 

Cytokines elicit their biological activities by binding to their cognate receptors 

followed by signal transduction leading to stimulation of various biochemical processes. 

In some cases, the expression of such receptors is regulated by specific signals, for 

example a cytokine may be involved in positive or negative feedback loops and thereby 
25 regulate the expression of the receptor for the same or a different cytokine. Such 

receptors may be the same type of cell that produces the cytokine or a different type of 

cell. 

Cytokines serve to mediate and regulate immune and inflammatory responses. In 
general, cytokine production is transient and production takes place during a short period 
30 of transcription resulting in production of mRNA transcripts which are also short-lived 
and subject to post-transcriptional control mechanisms. Recent studies have indicated 
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that a common signal transduction pathway, the "Jak/STAT" pathway, is used by a 
variety of cytokines (Abbas, et al.. 1997). 

It will be appreciated that the cellular source of cytokines is a distinguishing 
characteristic of each individual cytokine that may be produced by multiple diverse types 
5 of cells. In addition, a given cytokine (1) may act on more than one type of cells, (2) 
may have more than one effect on the same cell, (3) may have an activity shared with 
another cytokine, and (4) may influence the synthesis or effect of other cytokines, for 
example, by antagonizing, or synergizing the effects thereof. 

The cytokine(s) produced may be one or more of the following: interferons, 
1 0 including IFN-gamma, IFN-alpha and IFN-beta; tumor necrosis factors (TNF), including 
TNF-alpha, TNF-beta and TNF soluble receptors (sTNF-R); interleukins (IL), including 
IL-2, IL-3, IL-4, IL-5, 11-6, 11-7, IL-8, IL-1 1 and IL-12; colony stimulating factors, 
including granulocyte colony stimulating factors (G-CSF) and granulocyte-macrophage 
colony stimulating factor (GM-CSF); angiogenic factors, including fibroblast growth 
1 5 factor (FGF), vascular endothelial growth factor (VEGF); platelet-derived growth 
factors 1 and 2 (PDGF 1 and 2); chemokines, including Regulated Upon Activation 
Normally T-Expressed Secreted (RANTES); macrophage inflammatory proteins (MIP), 
such as MIP-1 alpha and MIP-2alpha; monocyte chemoatactic proetin- 1 (MCP); anti- 
angiogenic factors, including angiostation; endostatin leukemia inhibitory factor (LIF); 
20 ciliary neurotrophic factor; cardiotrophin and oncostatins, including oncostatin M. 

The methods of the invention may also be used to increase the expression of any of 
a number of proteins which are capable of production in cell culture. Exemplary proteins 
include, but are not limited to, insulin, erythropoietin (EPO), tissue plasminogen activator 
(TPA), growth hormone and Factor VIII. 
25 Once increased expression of a given cytokine or other protein is achieved, the 

cytokine or other protein thereby produced is purified from the cell culture. Exemplary 
procedures suitable for such purification include the following: antibody-affinity column 
chromatography, ion exchange chromatography: ethanol precipitation; reverse phase 
HPLC; chromatography on silica or on a cation-exchange resin such as DEAE; 
30 chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; and gel filtration using, 
for example, Sephadex G-75. Various methods of protein purification may be employed 
and such methods are known in the art and described for example in Deutscher. 1 990; 
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Scopes, 1982. The purification step(s) selected will depend, for example, on the nature 
of the production process used and the particular cytokine or protein produced. 

A "higher than normal level" of cytokine or other protein production means at 
least 200 or 300%, preferably 500% or more, of the cytokine or other protein production 
5 level for a given cell line in the absence of either transforming the cell line in a manner 
effective to result in over-expression of PKR or modifying the cell line in a manner 
effective to inhibit apoptotic cell death. 

In the methods of the invention, it is preferred that a human cell line is modified 
by the combination of PKR overexpression and inhibition of apoptosis or inhibition of 
10 apoptosis alone, and cultured in a manner effective to enhance cytokine or other protein 
production respectively, by 10-1000 fold. 

VI. PKR OVEREXPRESSION, INHIBITION OF APOPTOSIS AND CYTOKINE 
PRODUCTION 

1 5 A number of factors are known to be involved in the induction and/or enhanced 

expression of cytokines in cells, e.g., human cells. These factors include cytokine- and 
other protein-specific transcriptional regulators, for example interferon regulatory factors 
(IRF-1, IRF-3 and IRF-7), cytokine receptors, nuclear factor kB (NF-kB), activator 
protein- 1 (AP-1), nuclear factor IL-6 (NF-IL6), and in particular PKR. 

20 Enhancing the expression or activity of any of these factors will result in a higher 

than normal level of expression of the genes which encode one or more cytokines. Such 
enhanced expression of cytokine genes will result in more efficient and lower cost 
production of cytokines. 

PKR, is used as herein as an example of a protein capable of regulating cytokine 

25 and other protein expression; however, it will be understood that other cytokine and 
other protein enhancing factors may be used in place of PKR, for example, 1) protein 
kinase C (PKC) inducers, TNF-ct, GM-CSF, EGF and PDGF, G-CSF, TGF, TNF-alpha 
or TNF-beta, IL-1, IFNs (IFN-alpha, IFN-beta, IFN-gamma) or chemokines (IL-8, 
Macrophage inflammatory proteins [MlP-la & -lb] and monocyte chemotactice proteins 

30 [MCPs]); 2) other cellular signaling factors such as PMA, calcium ionophores, sodium 
butyrate or endotoxin ; 3) polyl: C, double-stranded RNA or viral analog; 4) cellular 
stress signals that can activate PKR including heat shock or pathogen infections 
including virus), overproduces activated PKR and various cytokines. 
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By increasing the expression of PKR in a human cell, cytokine production can be 
increased. Animal cell cultures which express a higher than normal constitutive level of 
PKR or in which PKR expression can be induced to higher than normal levels are 
therefore useful for the production of cytokines. 
5 The cells used to produce a given cytokine can overexpress PKR from any 

mammalian source, such as the PKR normally found in rabbit reticulocytes, various 
mouse tissues, or human peripheral blood mononuclear cells. Preferably murine p65 
kinase and most preferably human p68 kinase is overexpressed, in a corresponding 
murine or human cell culture, respectively. 
10 In some cases, the PKR which is overexpressed is an analog of PKR, for 

example, a non-natural protein kinase that can mediate dsRNA activation of cytokine and 
other protein transcription (usually obtained by modification of the gene encoding a 
native PKR protein). 

Human cells capable of overexpressing PKR may be obtained by any number of 

1 5 methods, that are well known in the art or may be obtained from commercial sources. 

Exemplary methods for obtaining PKR-overexpressing cells include selection for 
cells expressing higher than normal PKR levels, transfection with an expression vector 
encoding PKR under control of a promoter, or other methods which result in an increase 
in PKR expression over normal levels. 

20 Appropriate promoters for use in such expression vectors include both 

constitutive promoters and inducible promoters, examples of which include a CMV 
promoter, and the metallothienein promoter. 

Transfection is carried out as previously described and transfectants are selected 
for over-expression of PKR. 

25 By over-expression of PKR is meant higher than normal levels of PKR activity. 

Such "normal" PKR activity or expression is reported as a range of PKR activity or 
expression, which is generally observed for a given type of cells which have not been 
transfected with a vector encoding PKR, are unstimulated (not induced or primed) and 
uninfected. It will be understood that the range of normal PKR activity for a given type 

30 of cell may vary somewhat dependent upon culture conditions. 

Higher than normal PKR expression means at least 1 50%, preferably at least 200 
or 300%, and more preferably 500% or more, of the normal PKR level. The PKR- 
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overexpressing cell culture may be constitutive for PKR over-expression or inducible for 
PKR over-expression, depending on the particular method used to isolate or prepare the 
culture. 

Preferably the PKR-overexpressing cell line will be inducible for PKR over- 
5 expression in order to regulate the level of PKR available for cytokine induction. 

Similarly, preferably the cell culture will be inducible for overexpression of a 
protein which interferes with the apoptotic process or for the expression of a modified 
form of a protein which facilitates the apoptotic process, in order to regulate the 
apoptotic process in conjunction with PKR expression for optimal cytokine induction. 

10 The activity of PKR and apoptosis-associated proteins may be determined by any 

of the methods known in the art. Exemplary assays for PKR expression include 
autophosphorylation assays, assay for eIF2ct, Western blot, and (reverse transcriptase 
polymerase chain reaction) RT-PCR for PKR mRNA. Similarly, the expression of 
apoptosis-associated proteins may be determined by Western blot, and RT-PCR. 

1 5 Any of a number of known cell types, modified in a manner to inhibit apoptosis, 

are useful for making a PKR-overexpressing cell line. 

Any of a number of known cell cultures are useful as a parental strain for 
making a PKR-overproducing cell culture. Any cells normally capable of producing 
cytokines are suitable as the parental strain, as noted above. However, any ceil line 

20 capable of producing a given cytokine or protein of interest may be employed in the 
methods of the invention. Human cell lines capable of cytokine or other protein 
production may be obtained by any number of methods that are well known in the 
art, including isolation of primary cell lines, or such cell lines may be obtained from 
commercial sources. In most cases, cells capable of producing a given cytokine or 

25 other protein are cultured in any suitable medium. 

In some cases, additional steps are taken to enhance PKR expression by human 
cells, particularly, priming the PKR-expressing cells. Such priming may include treating 
with a priming agent, such as 1 ) G-CSF, EGF, TNF-alpha or TNF-beta, IL-1 , interferons 
including IFN-alpha, IFN-beta, IFN-gamma or chemokines including IL-8, macrophage 

30 inflammatory proteins including MIP- 1 a & - 1 b and monocyte chemotactice proteins 

(MCP); 2) other cellular signaling factors such as phorbol myristate acetate (PMA), calcium 
ionophores, sodium butyrate or endotoxin; 3) poly IC, double-stranded RNA or viral 
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analog: 4) cellular stress signals that can activate PKR including heat shock or pathogen 
infections including virus. 

Such treating may include adding a microbial or non-microbial inducer to the cell 
culture. Preferably, the inducer will be a non-microbial inducer, for example, poly IC or 
5 poly rIC. 

VII. EVALUATION OF CYTOKINE OR OTHER PROTEIN EXPRESSION 

In order to evaluate the expression of a cytokine or other protein of interest by a 
PKR-overexpressing cell line, which has been treated in manner effective to inhibit 
10 apoptosis, assays can be carried out at the protein level, the RNA level or by use of 
functional bioassays particular to the individual cytokine or other protein being 
expressed. 

To demonstrate the invention, cells lines transfected with a PKR gene, and with 
both PKR and BcIXl genes were tested for cell viability under conditions of cytokine 

15 induction, with both polylC and Sendai virus dsRNA, as detailed in Example 3. In these 
studies, "6 A" cells were transfected with both PKR and Bcl-X L genes; "A9" cells, with 
the PKR gene only; and "WT", non-transformed. The cells were tested under conditions 
of PKR overproduction (which would occur in the 6 A and A9 cells), following cytokine 
induction with either polylC or Sendai virus RNA. As seen from the data in Figs. 2A 

20 and 2B, inhibiting apoptosis in PKR overproducing cells significantly increased cell 

viability under conditions of cytokine induction, and even enhanced viability over WT 
cells (no PKR overproduction). 

In a related experiment, also detailed in Example 3, expression levels of IFN- 
alpha were measured in the same three cells lines, again under conditions of PKR 

25 overproduction and cytokine induction with either Sendai virus or polylC. From the data 
in Fig. 3A, it is seen that PKR overproduction (6A and A9 vs WT) significantly enhances 
cytokine production, and that a several fold further enhancement in cytokine production 
was observed by inhibiting apoptosis during cytokine-induction conditions (6A vs. A9). 
The analogous results in Fig. 3B also illustrate the significant enhancement in cytokine 

30 induction achieved with PKR overproduction (6A and A9 vs. WT). The higher levels of 
cytokine production observed in A9 vs. 6A cells may reflect a temporal effect and does 
not consider the overall amount of cytokine production during the period of cell viability. 

27 
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Immunoassays for a particular cytokine or other proteins may be carried out 
using procedures routinely employed by those of skill in the art. Such immunoassays 
can be used to qualitatively and quantitatively analyze expression of a cytokine or other 
protein of interest. 

5 In general, a purified form of the cytokine or other protein of interest, is either 

obtained from a natural source or produced recombinantly in transfected cells, and 
purified using standard techniques for protein purification. The purified protein is then 
used to produce either monoclonal or polyclonal antibodies specific to the expressed 
protein, and which can be used in various immunoassays. (Sec, for example, Harlow and 
10 Lane, 1988). Exemplary assays include ELISA, competitive immunoassays, 

radioimmunoassays, Western blots, indirect immunofluorescent assays and the like. 

In general, kits which are commercially available may be used for the 
quantitative immunoassay of the expression level of known cytokines or other proteins. 
In addition, the functional expression of eukaryotic proteins is well known. 
1 5 Exemplary methods are described in Sambrook, el al. 9 1989, expressly incorporated by 
reference herein. Briefly, cells are transfected with a suitable expression vector and 
cultured under conditions effective to result in expression of the cytokine or other protein 
of interest into the culture medium or on the surface of the transfected cell. 

Specific examples are described above, however, it will be apparent to one of 
20 ordinary skill in the art that many modifications are possible and that the examples are 
provided for purposes of illustration only and do not limit the invention, unless so 
specified. 

All patent and literature references cited in the present specification are hereby 
incorporated by reference in their entirety. 

25 

Example 1 

Preparation of Plasmids pEF-FLAG-Bcl-X L and ncDNA-PLAG-PKR 

1 . Preparation of pEF-FLAG-BcI-Xl 

30 The pEF-FLAG-Bc!-X L vector (Huang, et al., 1997) in Figure 1 A contains 

a full length cDNA encoding the anti-apoptotic Bel- X L protein operably linked 
to the strong elongation factor 1 alpha (EF-1 alpha) promoter. An additional salient 
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10 



feature of the vector is the N-terminal FLAG epitope (Hopp et al.. 1988) that was 
added to the Bc1-Xl protein to facilitate selection of cell lines that express high 
levels ofBcl-X L . 

The vector also includes i) a polyadenylation signal and transcription 
termination sequence to enhance mRNA stability; ii) a SV40 origin for episomal 
replication and simple vector rescue; iii) an ampicillin resistance gene and a 
ColEl origin for selection and maintenance in E. coli; and iv) a puromycin 
resistance marker (Puro) to allow for selection and identification of the plasmid- 
containing eukaryotic cells after transfection of a Bc1-Xl and PKR. 



2. Preparation of pcDNA-FLAG-PKR 

The pcDNA-FLAG-PKR vector in Figure IB contains cDNA encoding 
the full-length human PKR molecule (551 amino acids; Meurs, et al., 1990; 
GenBank Accession No. NM002759) modified by the polymerase chain reaction 

15 to include the N terminal FLAG tag (Hopp et al.,1 988) encoding the sequence 

MD YKDDDDK, and inserted into the eukaryotic expression vector pcDNA3 
(Invitrogen), such that the FLAG-PKR coding sequence was expressed under the 
control of the CMV promoter. 

The vector, termed pcDNA-FLAG-PKR, contains various features 

20 suitable for PKR transcription, including: i) a promoter sequence from the 

immediate early gene of the human CMV for high level mRNA expression; ii) a 
polyadenylation signal and transcription termination sequence from the bovine 
growth hormone (BGH) gene to enhance mRNA stability; iii) a SV40 origin for 
episomal replication and simple vector rescue; iv) an ampicillin resistance gene 

25 and a ColEl origin for selection and maintenance in E. coli; and v) a G418 

resistance marker (Neo) to allow for selection and identification of the plasmid- 
containing eukaryotic cells after transfection. 

A second PKR vector, designated pTRE-PKR, was prepared by inserting 
the same PKR cDN A into the gene-insertion site of a pTRE plasmid obtained 

30 from Clonetech. The pTRE plasmid is similar to the pFLAG used in making the 

first-described PKR vector, but contains a tetracycline-responsive element 
upstream of the CMV promoter used to control the inserted gene. In the studies 
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reported in Example 3, the TRE function was not exploited, and so the operation 
of the two PKR vectors in transformed cells is expected to be essentially 
identical. 

Example 2 

5 Preparation of PKR Over-producin» Namalwa Cell Lines 6A and A9 

1. Preparation of Cell Line 6A 

The human B lymphoblastoid cell line Namalwa (WT) was transfected 
sequentially with the plasmids, pEF-FLAG-Bcl-X L and pcDNA-FLAG-PKR. The 

10 transfected cell line is termed 6A. 

Stable transfectants were obtained by electroporation of 4x1 0 6 
exponentially growing Namalwa cells with 15ug of the pEF-FLAG-Bcl-X L 
plasmid in DMEM/F12 (+10% FBS) using a Gene Pulser apparatus (BioRad) set 
at 800 uF, 300V. Bulk populations of stable transformants were obtained by 

15 selection with 2 ug/ml puromycin (Gibco-BRL) for 3-4 weeks and screened for 

Bc1-Xl expression by flow cytometry as follows. The bulk transfectants were 
washed, permeabilized with acetone and subsequently stained with 2 ug/ml 
mouse anti-FLAG M2 monoclonal antibody (IBI) and then with phycoerythrin 
conjugated goat anti-mouse IgG (lug/ml; Becton-Dickinson). Cells were 

20 analyzed in the FACScan, live and dead cells being discriminated on the basis of 

their forward and side light-scattering properties and Bcl-X L expressing cells by 
their level of fluorescence intensity. High level Bcl-X L expressing transformants 
(Namalwa-Bcl-X L ) were then transfected with pcDNA-FLAG-PKR. 

Stable high level Bcl-X L expressing transfectants were obtained by 

25 electroporation of 4xl0 6 exponentially growing Namalwa- Bcl-X K cells with 1 5 

ug of the pcDNA-FLAG-PKR plasmid in DMEM/F12 (+10% FBS) using a Gene 
Pulser apparatus (BioRad) set at 800uF ; 300V. Bulk populations of stable 
transformants were obtained by selection with 2 mg/ml geneticin (G418, Gibco- 
BRL) for 3-4 weeks. Clonal lines were subsequently obtained by limiting 

30 dilution cloning and analyzed for Bcl-X L and PKR expression by Western blot 

analysis (Huang et al.,1997). The proteins were identified using 2 ug/ml anti- 
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FLAG M2 antibody followed by goat anti-mouse IgG-peroxidase conjugate and 
ECL detection (Amersham). 

2. Preparation of Cell Line A9 

5 Stable high level PKR expressing transfectants were obtained by 

electroporation of 4xl0 6 exponentially growing Namalwa cells with 15 ug of the 
pTRE-PKR plasmid in DMEM/F12 (+10% FBS) using a Gene Pulser apparatus 
(BioRad) set at 800uF, 300V. Bulk populations of stable transformants were 
obtained by selection with 2 mg/ml geneticin (G418. Gibco-BRL) for 3-4 weeks. 
10 Clonal lines were subsequently obtained by limiting dilution cloning and analyzed 

for PKR expression by Western blot analysis (Huang et ah, 1997). 

Example 3 

Characterization of a Bcl-Xi^ and PKR Over-producing Namalwa Cell Line 

1. Increased Cell Viability 

1 5 Wildtype Nowalwa cells (WT) and the A9 and 6A cells from Example 2 

were examined for cell viability in culture under conditions of PKR 
overproduction and cytokine induction. Specifically, PKR and BcI-Xl doubie- 
transfected Namalwa cells (the 6 A cell line), PKR-transfected Namalwa cells (the 
A9 cell line) and parental Namalwa cells (WT) were cultured at 2.5x1 0 ? cells/ml 

20 in DMEM/F12 medium supplemented with 10% FBS. The cells were treated 

with 20 mM PMA (primer) for 20 hr followed by treatment with either 200 ug/ml 
poly r(I):poly r(C) and 10 ug/ml DEAE Dextran (poly 1C induction) for 72 hr. or 
200 HAU/lxlO 6 cells of Sendai virus for 48 hr. Following treatment, cell 
viability was assessed by flow cytometry on a FACScan. 

25 Figures 2A and 2B show that poly IC induction of all three cell lines 

resulted in significantly less cell viability than Sendai virus induction of the cells 
at the respective, indicated time periods. With poly IC induction. 54% of 6A, 
40% of A9 and 51% of WT cells remained viable, whereas with Sendai virus 
induction, 87% of 6A ; 66% of A9 and 63% of WT cells remained viable. 
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With both induction protocols, the 6A cell line, which overexpresses both 
the anti-apoptotic protein Bc1-Xl and PKR. showed greater viability than the A9 
cell line which overexpresses PKR, but is not inhibited for apoptosis. 

2. Increased Expression of Interferon-alpha 

The level of IFN-alpha production was also analyzed in the three cell 
lines following cytokine induction by poly IC and Sendai virus, both under 
conditions of PKR overproduction. The culture supernatants were collected and 
analyzed for IFN-alpha levels by ELISA according to the procedure provided by 
the supplier of the ELISA kits (R&D Systems). The results are shown in Fig. 3A 
and 3B, and discussed above. 

From the foregoing, it can be seen how various objects and features of the 
invention are met Those skilled in the art can now appreciate from the foregoing 
description that the broad teachings of the present invention can be implemented 
in a variety of forms. Therefore, while this invention has been described in 
connection with particular embodiments and examples thereof, the true scope of 
the invention should not be so limited. Various changes and modification may be 
made without departing from the scope of the invention, as defined by the 
appended claims. 



WO 01/18185 



PCT/US00/24657 



IT IS CLAIMED 

1. A method for producing cytokines in a human cell culture, comprising: 

(a) culturing a human cell line capable of producing cytokines and transfected 
5 with (i) a first vector containing DNA encoding a protein effective to inhibit cell 

apoptosis under the control of a first promoter; and (ii) a second vector containing DNA 
encoding double-stranded-RNA-dependent-kinase (PKR) under the control of a second 
promoter, under culture conditions in which PKR is overproduced in the transfected 
cells, as evidenced by levels of PKR in the transfected cell line which are higher than 
1 0 those obtained in the human cell line which is not transfected with the first and second 
vectors, when grown under the same culture conditions. 

(b) treating the cultured. PKR overproducing human cell line with double- 
stranded RNA (dsRNA). and 

(c) collecting one or more cytokines produced by the cultured, treated cell line. 

15 

2. The method of claim 1, wherein the cultured cell line is prepared by 
transfecting a human cell capable of producing cytokines successively with the first 
vector and the second vector. 

20 3. The method of claim 1 or 2, wherein the protein effective to inhibit apoptosis 

is selected from the group consisting of B-cell Lymphoma/Leukemia-2 gene (Bcl-2a), B- 
cell Lymphoma/Leukemia- Xl (Bcl-X L ), a modified form of eukaryotic translation 
initiation factor 2 alpha (eIF-2 alpha), eukaryotic translation initiation factor (eIF-3), a 
modified form of Fas-associated death domain (FADD), a modified form of Bcl-X s , a 

25 modified form of Bcl-2-homologous anagonist/killer (BAK) and a modified from of 
BAX. 

4. The method of claim 3, wherein the protein effective to inhibit apoptosis is Bcl- 
2a or Bc1-Xl. 
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5. The method of claim 1 , wherein the first or second promoter is an inducible 
promoter. 
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6. The method of claim 5, wherein the inducible promoter is a metallothionein 
promoter. 

5 7. The method of claim 1 , wherein the cytokine(s) produced are selected from 

the group consisting of: 

i) interferons selected from the group consisting of IFN-alpha and IFN-beta, 
TFN-gamma; 

ii) tumor necrosis factors (TNF) selected from the group consisting of TNF- 
10 alpha, TNF-beta and TNF soluble receptors (sTNF-R); 

iii) interleukins (IL) selected from the group consisting of IL-2, IL-3, IL-4, 
1L-5, IL-6, IL-7, IL-8, IL-1 1 and IL-12; 

iv) colony stimulating factors selected from the group consisting of 
granulocyte colony stimulating factors (G-CSF) and granulocyte- 

1 5 macrophage colony stimulating factor (GM-CSF); 

v) angiogenic factors selected from the group consisting of fibroblast growth 
factor (FGF), vascular endothelial growth factor (VEGF), platelet-derived 
growth factors 1 and 2 (PDGF 1 and 2); 

vi) chemokines selected from the group consisting of Regulated Upon 
20 Activation Normally T-Expressed Secreted (RANTES), macrophage 

inflammatory proteins (MIP) including MIP-1 alpha and MIP-2alpha and 
monocyte chemoatactice proetin-J (MCP); 

vii) anti-angiogenic factors selected from the group consisting of angiostation 
and endostatin; 

25 viii) leukemia inhibitory factor (LIF); 

ix) ciliary neorotrophic factor and cardiotrophin; and 

x) oncostatins, including oncostatin M. 

8. The method of claim 1 , wherein the cultured human cell line is derived from a 
30 parental strain cell line selected from the group consisting of fibroblasts or immune cells, 
B cells, T cells, monocytes, neutrophils, natural killer ceils, pro-monocytic U937 cells, 
Namalwa cells, MRC-5 cells, WI-38 cells, Flow 1000 cells, Flow 4000 cells, FS-4, FS-7 
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cells, MG-63 cells. CCRF-SB cells, CCRF-CEM, Jurkat cells, WIL2 cells and THP-1 
cells. 

9. In a method for producing cytokines in a human cell culture by culturing a 
5 human cytokine-producing cell under conditions of PKR overproduction and cytokine 

induction, an improvement for increasing the viability of the cells comprising employing 
as the cell line, cells which have been transfected with a vector containing DNA 
encoding a protein effective to inhibit apoptosis in the cells. 

10 10. The improvement of claim 9, wherein the cell line is also transfected with a 

vector containing DNA expressing PKR. 

1 1. The improvement of claim 9, wherein the DNA encoding a protein effective 
to inhibit apoptosis in the cells encodes a protein selected from the group consisting of 

15 Bcl-2, Bc1-Xl, a modified form of eukaryotic translation initiation factor 2 alpha (eIF-2 
alpha), eukaryotic translation initiation factor (eIF-3), a modified form of Fas-associated 
death domain (FADD), a modified form of Bcl-Xs, a modified form of BAK and a 
modified from of BAX, operably linked to a second promoter, under conditions effective 
to result in expression of the protein by the cells of the transfected cell line. 

20 

12. The method of claim 1 1 , wherein the protein effective to inhibit apoptosis is 
Bcl-2a or Bcl-X L . 



25 



35 



BNSOOCID: <WO 0118185A1_I_> 



PCT/US00/24657 

1/3 




Fig . 1A 



FLAG tag 




Fig . IB 
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